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It has passed 10 years since the first author and others have engaged in the research of
automatic navigation system. [t was started from automatic collision avoidance system (ACAS)
treating with only but various two-ships encounters. Soon after it was expanded to an expert
system called SAFES (Ship Auto-navigation Fuzzy Expert System), in which any situation with
multiple ships can be solved. At the same time, simulation programme called SMARTS (each-
Ship-with-captain Marine Traffic Simulation) was developed for the purpose of the system
verification and evaluation. Apart from its primary purpose, it was found to be used as a realistic
marine traffic generator and rather utilised for various applications such as 1) automatic
background traffic generator in ship handling simulator (intelligent ship handling simulator) and
2) evaluation of specified waterways for safety assessment or waterway design (so-called micro

simulation). Both systems was reconfigured and rewritten by real-time simulation language G2.
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Fig. 1 Membership function of 7CPA

Fig. 2

Representation of “an island” of grouped ships

Fig. 3 False-ship to represent grouped ships

SEIER 0.7 282X 7-BF, & LT, BAHETRMRFF (HE
IR THHEE. WEMBRE CR HSHEFIRHIEH 085
(LR P9 TIT09) HBEX =R, BHRAMRIET S

YT AR R ET AT L o & bAEREN
VR AR SRR E T 5.

T L, SO TE, B#ER LT A>T Aihgs
COVTRL = LRSS CERVDTRREDE
RAEtThian
S LIMFERDITL—TE

ORI L THESNERS R ERLE LTE
DL DR LTI 0 CRE LS YV —T v E %
RU, Zn—TBEOE V3 LSO —T1L %17 5
DY, IN—TREABTH ES IIEHA R LD
HE TR UAMIELRO SR, W EDOT ITOE
BWTEERITWVOROFE S MTHIETH Z LI
L7 (Fig.2) , EBBCIBMEZD ) LORATH
% False-ship (3.2.3 BM) ZBEiRimE AL
WRADTTRCOBR ECOFEST MERDALE
FAevs F7-, O False-ship Mt % 7 /v —7 K

193

\ /
\
N Kot
\ o
\
A
A .
9 -
~ P -~
292.5
67.5
¢ v
2471,’3 12,5
- N
Own Vessel N
™= Crossing, | ] .
—— Burdened ""l Meeting h Overtaking
__ Crossing, ~  Backward S
Priviledged Crossing i Overlaken

Target Vessel

Own Vessel

\

Own Vessel

Target Vessel

Fig. 4 Patterns of encounter situations

FTATRCOMOMEDSEHE L (Fig. 3) .

2B, BME &0 SN —Fic o T 3.2.2
DHE LY TEHDT, f1bRah ot

3.2 BEREE

321 REVDOEEEBILE

BHLOBEIL 2 MORESVERICL > TEDS, K
DOTITEFME DRAVEAHEEIZ LY Type 0 235 IV
WD, BRSO iR b o T, AFEHRORAW
£ (BRRE AL RI-BFERO S, Fig 4 38)
8 BLURHFAE OHSVE (BHRIE N L BFMRE
BEHADORTA, Fig. 4 58) ¢ -

br=d¢dT1T — Yo V4

=7,
¢ o: BROFN
¢ 7: M EROFAL



""l] Meeting

— Crossing,
~— Privledged

I
]
I — Crossing,
| — Priviledged
l
|
!
[ I \ Backward
‘""II Meeting | N\ Crossing
|

with speed reduction

unless CR<0.85

:Oveﬁoken

-
_—

Crossing.
Burdened

l Overtaking

|
!
[
|
|
[
1
|
|
|
Fig. 5 Collision avoidance actions in 6 patterns
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Fig. 8 Control menu of SMARTS
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